were obtained from the Agriculture, Forestry and Fisheries Research Information Center.
Sensor height
In general, although the height of the temperature sensors at the JMA observatories are raised in the winter to a standard height of 1.5 m above the snow level, the sensors at NARCH were fixed throughout the year at 1.5 m above the soil surface. Because the maximum snow depth at NARCH is about 1.0 m, a sensor height of 2.5 m above the soil surface would have been appropriate in winter. To monitor the temperature difference resulting from these height differences, we took the following measurements in Field-b. Thermistor sensors (T and D Corporation., Ondotori TR-71S) were placed in radiation shields (Campbell Scientific, Inc., 41002; not fan-aspirated) at heights of 1.5 and 2.5 m above the soil surface, and Tmin and Tmax values for both heights were determined from hourly data recorded during the 474 days from November 20, 2003 to March 7, 2005 . (Fig. 2) .
Some buildings were constructed around Field-a during the study period (Fig. 3) , and a broad expanse of experimental farm fields surrounded Field-b throughout the study. Simultaneous observations from the two fields showed that temperatures observed in Field-b were 0.3 lower than those from Field-a (Table 3) , which is discussed in section 3.4.
Recorded
Tmin and Tmax at different heights above ground level We compared Tmin and Tmax values recorded by the radiation-shielded sensors at heights of 1.5 m and 2.5 m with those in the ventilation tube listed in Table 2 . at 2.5m at 1.5m
Tmin values recorded at the 2.5-m height were higher than those recorded at 1.5 m for temperatures lower than -5 (Figs. 4 and 5). Annual mean Tmin and Tmax (TAmin and TAmax) values at Sapporo were higher than the values at NARCH, and the differences between the two observatories increased over the 40-year period of this study (Fig. 6) .
Analysis of TAmin and TAmax at Sapporo using the Mann-Kendall trend detection algorithm (e.g., Matsuyama and Tanimoto, 2005) showed a statistically significant trend of increasing temperature over the 40-year period. The rates of temperature increase (RTI, slope of the regression lines in Fig. 6 ) were 0.056 and 0.021 /yr for TAmin and TAmax, respectively. We found no significant trend of increasing TAmin and TAmax at NARCH, where we calculated RTI values of 0.014 and 
Overestimation of temperature at NARCH
We used the data from Sapporo and Suttsu to provide a reference against which to test the validity of the data from NARCH. We plotted the differences between values of TAmin and TAmax from NARCH and those from Sapporo (i.e., NARCH temperatures minus the corresponding Sapporo temperatures) and the same differences between NARCH and Suttsu (Fig.  7) . A discontinuous change in the difference would be attributable to observational errors at NARCH and should be taken into consideration when analyzing the 40-year data.
Distinct changes to TAmax differences occurred in 1991 and 2000 (indicated by the arrows in Fig. 7) , although the change in 2000 at Suttsu was less clear. These findings suggest errors in the observations at NARCH. The temperature sensor in Field-a was moved from the center of the field to its northern end in October 1990.
The new location was near a 6 m wide paved road, about 5 m beyond the field, which might have caused the higher temperatures after 1990. Moving the sensors from Field-a to Field-b in January 2001 coincided with a decrease in the difference between TAmax values. Higher temperatures in Field-a were also detected during the simultaneous observations from the two fields (Table 3) . We therefore concluded that the NARCH temperatures recorded in the 10 years from 1991 to 2000 included an overestimation of temperatures. Noguchi (1994) and JMA (2002) reported that the urbanization effect is apparent in daily minimum temperature, particularly in winter. Then, to examine the extent of the urbanization effect, we compared the increasing trends of TAmin and the extreme values of Tmin for each year (TEmin) at NARCH with those at three JMA observatories.
Urbanization effect
TAmin at Suttsu, Abashiri, and Nemuro showed signifi- cant increasing temperature trends and RTI values of 0.017, 0.028, and 0.028 /yr, respectively (Fig. 8) . No significant increasing trend existed at NARCH, where an RTI of 0.014 /yr was calculated (Fig. 6 ).
The increasing trends of TEmin at NARCH and Suttsu were not significant, with RTI values of -0.003 and 0.027 /yr, respectively (Fig. 9) . At Abashiri and Nemuro significant trends of increasing TEmin existed with RTI values of 0.11 /yr at both observatories. These results showed that the urbanization effect at NARCH was less than that at the three JMA observatories, which have been chosen to monitor global warming in Japan because they are considered to be little affected by urbanization (JMA, 2002) .
Temperature trends in agricultural areas
NARCH showed only a minor urbanization effect and its temperature trends may be representative of those in agricultural areas. We then examined changes in the annual mean Tmean (TAmean) at NARCH and at the JMA stations to estimate temperature trends in agricultural areas.
The increasing trend of TAmean at NARCH was not significant with a RTI value of 0.009 /yr (Fig. 10) . On the other hand, the increasing trends were significant at Suttsu, Abashiri, and Nemuro, with RTI values of 0.021, 0.027, and 0.021 /yr, respectively. On average, RTI at NARCH was 39 of the values at the three JMA observatories.
As mentioned in section 3.4, temperature records at NARCH included some overestimation for the period from 1991 to 2000. Although the amount of the overestimation was not determined in this study, it occurred during the second half of the 40 years and inevitably caused an overestimation of RTI value. Therefore, during the 40 years, RTI at NARCH, representative of agricultural areas, was even less than 39 of RTI at the three JMA observatories. This also suggests that the temperature increase in the past 100 years in agricultural areas is lower than the 1.0 determined by JMA (2002) .
The agricultural industry is susceptible to the effects of global warming (e.g., Sugiura and Yokozawa, 2004) . Further study of the impact of ongoing global warming on agriculture in Japan requires that RTI in agricultural areas be more thoroughly evaluated. To achieve this, as pointed out by Kondo (2006) , monitoring of RTI at more locations free from urbanization effects is needed. 
